This paper studies the interplay of fiscal policy and asset price returns of the United States in a time-varying-parameter vector autoregressive model. Using annual data from 1890 to 2013, we study the effects of dynamic shocks to both fiscal policy and asset returns on asset returns and fiscal policy. Distinguishing between low volatility (bull market) and high volatility (bear market) regimes together with a time-varying-parameter vector autoregressive model enables us to isolate the different size and sign of responses to shocks during different time periods. The results indicate that increases in the primary deficit to GDP ratio decrease house returns over the entire sample and at each impulse horizon. Unlike the house return response, stock returns only decrease in the first year after the fiscal shock, but then increase for the following eight years. Furthermore, the findings show that asset return movements affect fiscal policy, whereby fiscal policy responds more to equity returns than to house returns. The response of fiscal policy to asset returns proves relatively stable and constant over time while controlling for and identifying various asset return regimes. Asset returns respond uniformly to fiscal policy shocks since the 1900's.
Introduction
Fiscal policy shocks exert wide reaching effects, which include movements in asset returns.
The policy response to the 2008/09 Great Recession generated enormous government bailouts of "too big to fail" businesses. These bailouts produced an expansion of the US government budget deficit, requiring either larger taxes or higher sovereign debt. The 2008/09 Great Recession captures one outlier with respect to the interaction between asset returns and fiscal policy. These outliers, together with a changing fiscal stance over the business cycle, highlight the nonlinear relationship between asset returns and fiscal policy.
We contribute to the existing literature by analysing the simultaneous effect of fiscal policy shocks on asset returns as well as of asset return shocks on fiscal policy. We depart from the existing literature that uses vector autoregressive (VAR) models that average out period effects. Agnello et al. (2012) provide the exception, using a time-varying-parameter (TVP)
Markov-switching (MS) framework to adjust US fiscal policy for asset prices.
This study --the first, as far as we know, analyses the interaction of fiscal policy and asset returns for the US in a parsimoniously restricted time-varying multivariate model, thus controlling for nonlinearities. The time-varying results capture key nonlinear effects such as explosive asset prices and various regimes switches. We use the generalised sup augmented Dickey-Fuller (GSADF) test (Phillips et al., 2015) to identify periods of explosive behaviour in asset returns. We also implement a Markov-switching framework to identify multiple asset return regimes (bull vs. bear markets). Both tests justify the use of our nonlinear VAR framework. We use a long history of annual data from 1890 to 2013 to capture important events and regimes in the movement in asset returns and control for changes in the fiscal stance. The results of the TVP-VAR show that both shocks to house and equity returns exert a larger effect on fiscal policy over time. Asset return shocks during the early 1900's did not generate much of an effect on fiscal policy. This outcome changed significantly since the 1970's. The response of asset returns to fiscal policy shocks depend on the duration of the shock. House returns react negatively to an increase in the fiscal primary deficit to GDP in all periods after the fiscal shock. Equity returns decrease in the initial periods after the fiscal shock. The equity return response to a fiscal policy shock, however, dissipates after one year. Agnello et al. (2011) provide a brief summary of why the interaction between fiscal policy and asset prices are important. Two main channels exist through which asset prices affect fiscal policy: a direct channel where tax revenue increases in line with an increase in asset prices and an indirect channel where an increase in asset prices boost consumer confidence and, hence, increases aggregate demand. Eschenbach and Schuknecht (2002) show that asset prices affect fiscal balances mainly through the revenue channel; capital gains, turnover related taxes, and wealth effects and their effect on consumption affect the fiscal balance. That study, for 17 OECD countries, shows that, on average, a 10% change in real estate and stock prices exert a similar effect on the fiscal balance as a 1% change in output. Tavares and Valkanov (2001) show that US fiscal policy affects asset price volatility in a magnitude at least as large as the effect of monetary policy in a VAR model. An increase in tax receipts reduces expected stock returns significantly while government spending does not significantly affect expected stock returns.
The increase in revenue due to an increase in asset prices may create a superficially higher revenue stream (possibly procyclical). This cyclically higher revenue may create the illusion of permanently higher revenue and as a result, may lead to higher fiscal spending.
Budget balance calculations should, thus, strip the effects of asset prices on revenue to give an indication of structural revenue. Agnello et al. (2012) do this exactly in a TVP-MS framework. They show that taxes adjust nonlinearly to asset prices, but spending remains neutral during an asset price cycle. This finding provides the most important justification for our contribution in a simultaneous systems model. We believe that the interaction between government taxation and spending proves important and, thus, requires study with movements in asset prices.
Furthermore, Agnello et al. (2011) use a variety of methods (linear and nonlinear) to study the response of fiscal policy to asset prices in the US and the UK. They show that asset prices do not affect primary spending. Taxes, however, do experience a significant effecttaxes decrease when stock prices rise and increase when house prices increase. Their nonlinear model shows that during economic downswings, fiscal policy expands and offsets some of the reduction in wealth typical during recessions, while a fall in wealth associates with a tax cut.
Apart from government's reaction to asset prices, Afonso and Sousa (2011) show that unexpected changes in fiscal policy increase the variability in asset prices. Aye et al. (2012) also study the effect of unexpected changes in fiscal policy on asset prices for South Africa.
They show that fiscal policy announcements reduce the effects of fiscal policy shocks on asset prices in a sign restricted VAR. Agnello and Sousa (2013) analyse the effect of fiscal policy in a panel VAR of ten industrialised countries. They show that a fiscal expansion exerts a negative effect on stock and house prices for the US.
Finally, our approach is similar to Gupta et al. (2014) . They estimate a TVP-VAR for South Africa and show that a nonlinear relationship exists between fiscal policy and asset prices. They identify two significant regimes where this relationship changed. They demonstrate that fiscal expansions reduced both asset and house prices from the 1970's until the mid-1990's. Since 2000, however, asset prices increased in response to fiscal expansions.
One explanation argues that fiscal policy during the 2000-2010 period was conducted in a sustainable and countercyclical way prompting consumers and firms to trust that fiscal policy will be used to stimulate aggregate demand during recessions and to save during economic expansions. Increasing taxes could limit the consolidation process, especially when it reduces asset prices (see Aye et al., 2012) . As expected, an increase in asset prices reduced deficits.
Empirical methodology
To motivate the TVP-VAR model, we test for nonlinearities in asset price movements. We use two methods for this purpose: A generalised sup ADF test and a Markov-switching regression. The GSADF tests for bubbles and identifies the time origin of bubbles (Phillips et al., 2015) . The test can detect bubbles in long time-series data. The GSADF test is a recursive right-tailed ADF test with flexible windows, where both the start and end points change. 1 We also use MS-AR regressions to complement the GSADF test. The MS-AR regressions identify the various bull and bear regimes.
Once we verify the presence of nonlinearities and identify periods of asset return exuberance, we use a TVP-VAR to analyse shocks over time and over the identified regimes.
Time-varying impulses allow us to study the evolution of fiscal policy shocks to asset returns and vice versa. Time variation comes from both the parameters and the variance covariance matrix of the model's innovations. This reflects simultaneous relations among variables of the model and heteroscedasticity of the innovations (Primiceri, 2005) . To accomplish this, we use a Monte Carlo Markov Chain (MCMC) algorithm to estimate the coefficients and the multivariate stochastic volatility. Researchers commonly estimate time variation (see Sims 1993 , Stock and Watson 1996 , and Cogley and Sargent 2001 . These studies, however, impose restrictions on the variance covariance matrix that should evolve over time. Most of these models limit themselves to reduced-form models that can only describe and forecast data (Primiceri, 2005) . With drifting coefficients, one essentially captures the learning process and possible nonlinearities or time variation in the lag structure of the model. The Following Nakajima (2011) , this paper estimates a time-varying parameter VAR model with stochastic volatility of the form:
We assume a recursive identification scheme by the decomposition of
 A t is a lower-triangle matrix with diagonal elements equal to one, and
Let us define  t as the stacked row vector of 1 ,...., The VAR exhibits a recursive identification scheme, where depending on the ordering of the variables, contemporaneous shocks are zero. We order the variables from most exogenous to least exogenous with house returns first, followed by the primary deficit, and then equity returns. 3 This ordering is theoretically justified (Gupta et al., 2014) , since it implies that the house price does not respond contemporaneously to fiscal policy and equity price shocks, while fiscal policy reacts with a lag to equity price shocks. Thus, the equity return appears third in the ordering after the house return and measure of fiscal policy.
Data description
Our variables include the real US house price index (RHP), real Standard and Poor's S&P500 (RSP) index and the US primary deficit as a percent of Gross Domestic Product (BB). 4 We use annual data from 1890 to 2013. We use yearly growth rates (log-differences) for the real house and stock returns (RHR and RSR respectively) returns, which generates a total of 123 observations, covering the period of 1891-2013. The level of BB and the transformation of the two asset prices into returns generate stationary series based on standard unit-root tests (i.e., Augmented-Dickey-Fuller (ADF) (Dickey and Fuller, 1981) , Phillips-Perron (PP) (Phillips and Perron, 1988 ), Dickey-Fuller with Generalised-Least-Squares-detrending (DF-GLS) (Elliott et al., 1996) , and the Ng-Perron modified version of the PP (NP-MZa and NP-MZt) (Ng and Perron, 2001) ). 5 We standardise all variables to ensure that we can easily compare the results across the two asset returns.
Our univariate MS regressions identify two regimes for both house and equity returns:
A high volatility state (regime 1), which is a bear market, and a low volatility state (regime 2), which is a bull market (see Simo-Kenge et al., 2013 and references therein) . Table 1 summarises the results of the MS-AR regressions. The observed volatility is higher for both house and equity returns during bear markets compared to bull markets. The expected duration in the bear market for house returns is about 80 years compared to about 34 years during the bull market. The expected duration is almost equal for both states for equity returns. For stock returns, the duration for bear and bull markets proves much shorter with 2 and 2.5 years, respectively 
Results
Having identified key periods of asset return exuberance and potential bubbles, we turn to the TVP-VAR model to analyse the response of asset returns to fiscal policy as well as the response of fiscal policy to asset return shocks.
We generate the posterior estimates after drawing 10,000 samples, with the first 2,000 draws discarded. Table 2 reports these posterior estimates for the means, along with those for the standard deviations, the 95 percent credibility intervals 6 , the convergence diagnostic (CD) due to Geweke (1992) , and the inefficiency factors. 7 The 95 percent credibility intervals include the estimates for the posterior means, and the CD statistics do not allow us to reject a null hypothesis of convergence to the posterior distribution at the 5-percent significance level. Furthermore, the inefficiency factors are relatively low. We can thus conclude that the MCMC algorithm efficiently produces the posterior draws. (1939) (1940) (1941) (1942) (1943) (1944) (1945) (1946) (1947) (1948) (1949) (1950) , which matches what we observe in the evolution of fiscal policy during that period. Smaller movements in volatility also occur for WWI and even smaller, but noticeable, movements occur during the Great Recession. Stochastic volatility for house returns achieved its highest level at the end of the 19th century and increased again from 6 We use credibility intervals in the Bayesian paradigm as opposed to 'confidence' intervals, which belong in the frequentist realm. 7 Geweke (1992) suggests the comparison between the first n 0 draws and the last n 1 draws, dropping out the middle draws, to check for convergence in the Markov chain. We compute the CD statistics as follows: =
, ̅ is the i-th draw, and ̂2 is the standard error of ̅ , respectively, for j=0, 1. If the sequence of the MCMC sampling is stationary, it converges to a standard normal distribution. We set 0 = 1, 0 = 1000, 1 = 5001 and 2 = 5000. ̂2 is computed using a Parzen window with bandwidth ( ) = 500. The inefficiency parameter is defined as 1 + 2 ∑ =1 , where is the sample autocorrelation at lag s, which is computed to measure how well the MCMC chain mixes. Figure A1 in the appendix gives the convergence output with moments and posterior distributions. The impulse responses of Figure 5 8 show how the primary balance reacts to asset return shocks over time. We have nine impulse horizons from 1892 to 2013. We summarise, however, only impulses at years 1, 3, 6, and 9. Both house and equity return shocks lead to higher primary surpluses over time. This matches the constant parameter VAR of Figure A2 for the first couple of years (see Appendix). We expect increases in house and equity returns, a priori, to increase automatically the revenue collected from these tax bases. At the same time, we also expect countercyclical spending from government during periods of buoyant growth. Interestingly, the effects of asset return shocks on the primary balance exhibit stability since the 1990's. This indicates that the government did not react differently to asset return shocks during two significant periods of asset price movements: the dot com bubble in 2000 and the 2008/09 Great Recession. The primary balance reacts more to stock return shocks contemporaneously compared to house return shocks, indicating that movements in equity markets provide either a stronger source of revenue or a signal to government of changes to the economic cycle. Of course, tax revenue changes occur only for assets sales, realized gains or losses. Since houses contain both consumption and investment components, whereas equities include only the investment component, realized gains or losses will occur more frequently for equities than for houses. Nonetheless, the effect of asset return shocks on the primary balance quickly die out after one period.
Both house and equity returns respond negatively to a fiscal deficit shock contemporaneously, a finding similar to one in Gupta et al., (2014) . The response of house returns to a fiscal shock lasts up to three years whereas the response of stock returns to a fiscal policy shock lasts only one year. This differs from Figure A3 (see Appendix) for a constant parameter VAR. This negative response to fiscal shocks may reflect that agents anticipate higher future taxes when the primary deficit increases (i.e., Ricardian equivalence).
This outcome, however, does not indicate full Ricardian equivalence, since stock returns eventually increase. Alternatively, equity markets may quickly discount the tax response after an expansionary fiscal policy shock and then the return increases from the fiscal stimulus. In another surprising result, we see little volatility in the impulse responses over time. We see that the responses increase smoothly, although to differing rates, over time (see Figures 5 and   6 ), except that the real stock return response to fiscal shocks remains relatively uniform since the 1900's, albeit at different levels (see Figure 6 ).
Conclusion
This paper studies the dynamic interaction between fiscal policy and asset returns in a TVP-VAR setup. This method addresses potential nonlinearities between fiscal policy and asset returns and controls for exuberant periods of asset returns as well as a changing fiscal policy stance. The use of the TVP-VAR is motivated by two tests -a GSADF tests that detects and dates bubbles and a Markov-switching regression that identifies multiple asset return regimes.
After controlling for time-varying stochastic volatility, the results show that positive asset return shocks reduce the primary deficit. The response of fiscal policy to asset returns increases every year from the 1890's into the early 1990's. Fiscal policy's reaction to asset return movements becomes fairly stable after 1990. The findings also show that fiscal policy did not overreact to drastic changes in asset returns during the 2008/09 financial crisis.
The results also show that asset returns react negatively to an increase in the primary deficit. Stock returns, however, increase in response to a fiscal shock after a year. The TVP impulse responses remain fairly constant over time. This suggests a constant reaction of asset returns to fiscal policy shocks since 1900. It is difficult to establish whether Ricardian equivalence holds from these results. Although house returns decrease due to an expansion in fiscal policy, stock returns only decrease during the first year after the shock. 
